The objective of this trial was to determine if daily supplementation of flaxseed for 85 d to steers finished on grasslands of the northern Great Plains would influence growth and carcass characteristics or the fatty acid profile, tenderness, and sensory characteristics of beef steaks. Eighteen Angus yearling steers (initial BW 399 ± 21 kg) were randomly divided into 3 groups. Steers in treatment 1 (FLX; n = 6) received a daily supplement of ground flaxseed (0.20% of BW), whereas steers in treatment 2 (CSBM; n = 6) received a daily supplement of ground corn and soybean meal (0.28% of BW), with contents of CP and TDN being similar to the supplement for FLX. Control steers (CONT; n = 6) were not supplemented. Treatments were given to each individual steer in side-by-side stalls and were fed from mid-August to November 7, 2007, the day before slaughter. All steers grazed growing forage from early May through the first week of November. Growth rate of steers fed FLX was 25% greater (P < 0.01) than that of steers fed CONT, but was similar (P = 0.45) to that of steers fed CSBM. No differences were observed for carcass characteristics (P ≥ 0.14), tenderness (Warner-Bratzler shear force; P ≥ 0.24), or sensory attributes (P ≥ 0.40) except for a slight offflavor detected in steaks from steers fed FLX compared with CONT (7.4 vs. 7.8, respectively, with 8 indicating no off-flavor and 1 indicating extreme off-flavor; P = 0.07) and CSBM (7.9; P = 0.01). The n-3 fatty acids α-linolenic acid and eicosapentaenoic acid were 62 and 22% greater, respectively, in beef from steers fed FLX compared with those fed CONT (P < 0.001). The ratio of n-6 to n-3 fatty acids was smaller (P < 0.001) in beef from steers fed FLX compared with the ratios in beef from steers fed CONT and CSBM. Daily supplementation of flaxseed to steers grazing growing vegetation on the northern Great Plains may improve growth rate and enhance the n-3 fatty acid profile of the steaks.
INTRODUCTION
Many human health experts as well as animal and meat scientists are concerned that frequent intake of red meat is associated with increases in cancer, cardiovascular disease, and total mortality for middle-aged and older men and women (Givens et al., 2006; Ponnampalam et al., 2006; Scollan et al., 2006; Noci et al., 2007; Webb and O'Neill, 2008; Fincham et al., 2009; Sinha et al., 2009 ). However, many people in devel-oped countries, such as the United States, eat considerable amounts of red meat (Economic Research Service, 2009) , and meat consumption in the developing world is increasing rapidly (Delgado, 2003; Popkin, 2009) . It is now apparent that inadequate intake of α-linolenic acid (ALA) and long-chain n-3 fatty acids is associated with a significant number of the same health problems that some believe are connected to increased intake of marbled beef (Mori, 2006; Truong et al., 2009; Massiera et al., 2010 ), yet beef could be an important source of ALA and long-chain n-3 fatty acids for millions of beef-eating people (Sinclair et al., 1994; McAfee et al., 2011) .
Feeding flaxseed, an oilseed with increased concentrations of the n-3 fatty acid ALA, can result in red meat that has an increased content of healthful n-3 fatty acids (Scollan et al., 2001; Kronberg et al., 2006; Maddock et al., 2006a; Barceló-Coblijn and Murphy, 2009) . Cattle grown and fattened on fresh immature forage can also have a greater intramuscular content of n-3 fatty acids compared with cattle grown on high-concentrate diets, which typically have smaller amounts of n-3 fatty acids (Ponnampalam et al., 2006; Duckett et al., 2009 ). Limited information is available for n-3 fatty acids of beef from cattle grown and fattened while consuming fresh immature forage and supplemental flaxseed. However, we have observed greater growth rates of yearling steers grazing northern Great Plains pastures when they are supplemented with flaxseed (Scholljegerdes and Kronberg, 2010) .
Therefore, the objectives of this study were to determine if supplementing flaxseed to yearling steers grown and finished while grazing immature grasses would 1) increase concentrations of n-3 fatty acids in muscle, 2) increase growth rates, 3) increase carcass yield and quality grades, 4) improve strip loin tenderness and sensory characteristics, and 5) influence the carcass color of lean and adipose tissues and the shelf life of the retail product.
MATERIALS AND METHODS
All procedures used in the study were approved by the animal care and use committee of the Northern Great Plains Research Center (Mandan, ND).
Animals and Diets
Eighteen yearling Angus steers began grazing growing forage in early May. Cattle were placed on test (initial BW 399 ± 21 kg) at the beginning of August 2007 and continued grazing until the trial ended in early November 2007. From mid-August to late September, cattle grazed the annual grass proso millet (Panicum miliaceum), and then from late September through October, they grazed immature regrowth (the original stand was cut for hay) of mixed perennial grasses [Kentucky bluegrass (Poa pratensis), smooth brome (Bromus inermis), blue grama (Bouteloua gracilis), green needlegrass (Nassella viridula), porcupinegrass (Stipa spartea), and western wheatgrass (Pascopyrum smithii)], and small amounts of the forb species [yellow sweet clover (Melilotus officinalis) ] that are typical pasture species of the northern Great Plains. Finally, in the first week of November, they grazed immature winter rye (Secale cereale) and mixed perennial grasses, which are typical pasture species of the northern Great Plains.
Steers were randomly allotted to 1 of 3 treatments. One group of steers (FLX; n = 6) received a daily supplement of ground flaxseed (0.20% of BW; 97.8% flaxseed, 2.2% dry molasses, DM basis; the maximum amount of ground flaxseed we believed they would ingest per day). Another group of steers (CSBM; n = 6) received a daily supplement of ground corn and soybean meal (0.28% of BW; 65.6% corn, 32.4% soybean meal, 2.0% dry molasses; DM basis) with contents of CP and TDN similar to those of the FLX diet (Table 1) . Control steers (CONT; n = 6) were not supplemented. Other than what the steers received in the supplements, no additional vitamins were supplemented. Dry molasses was added (1 g/16.8 g of supplemental feed) to both supplements to improve palatability. Supplements were given daily to each individual steer in side-by-side stalls between 0800 and 1000 h, and were fed from midAugust until November 7, the day before they were slaughtered. Flaxseed was supplemented for 85 d based on our previous experience supplementing flaxseed to grazing steers on the northern Great Plains (Kronberg et al., 2006) . All steers had continuous access to highquality water and trace mineral salt (American Stockman Trace Mineralized Salt, North American Salt Co., Overland Park, KS; NaCl >95.5%, Zn >3,500 mg/kg, Fe >2,000 mg/kg, Mn >1,800 mg/kg, Cu >280 mg/kg, I >100 mg/kg, Co >60 mg/kg). Steers were weighed at the beginning and end of the trial and at approximately 30-d intervals, and they had feed and water withheld overnight for approximately 14 h before weighing. In an attempt to maximize individual daily BW gain, grazing was managed at all times to achieve no more than moderate forage utilization such that steers were not forced to consume low-quality forage.
Slaughter, Data Collection, and Sampling Procedures
In early November, at the end of the forage growing season, the steers were weighed in the morning the day before they were loaded at 0500 h and transported 190 km to a small commercial slaughter facility. All steers were slaughtered on the same morning under commercial conditions, with USDA inspection in accordance with the Humane Slaughter Act. Prerigor HCW were collected, and carcasses were chilled at 2°C for approximately 24 h. After chilling, carcasses were ribbed between the 12th and 13th ribs. Fat thickness, LM area, and KPH weight were determined by trained North Dakota State University (NDSU) personnel to facilitate calculation of USDA beef carcass yield grade. Carcass bone maturity, marbling score, and subjective lean color were also evaluated by the same people for quantification of USDA quality grade.
A portable Minolta chromameter (model CR-410, Konica Minolta, Osaka, Japan) equipped with a 50-mm aperture using a D65 illuminant calibrated to a white and black plate was used to obtain objective color measures on the cut lean surface of the 12th-rib LM (after a 60-min bloom time). Readings for L* (lightness), a*, and b* (chromaticity coordinates) were also obtained for external fat at an anatomical location caudal to the 13th rib, immediately ventral to the dorsal process (chine) of the left carcass split side. Color readings were recorded in the L* (0 = black, 100 = white), a* (negative values = green, positive values = red), and b* (negative values = blue, positive values = yellow) color space (CIELAB), with care taken to avoid large pieces of connective tissue or marbling on the ribeye lean. Hue angle [hue angle = tan −1 (b*/a* × 360°)/(2 × 3.14)] and color saturation [or chroma; CHR = √(a* 2 + b*
2 )] were calculated according to equations presented by Minolta (1994) . All beef carcass data were collected by trained personnel from NDSU. Four 2.6-cm-thick longissimus lumborum steaks were removed caudal to the 12th rib from the left side of each carcass, tagged to preserve individual animal identity, put in plastic freezer bags with an interlocking closure, and placed on ice for immediate transport in coolers to the NDSU Meat Laboratory. Steaks were designated for Warner-Bratzler shear force (WBSF) analysis, trained sensory analysis, retail shelf-life analysis, and fatty acid analysis. Steaks were allocated for each experimental designation in the anatomical order (cranial to caudal) that they were removed from the longissimus lumborum. On arrival at NDSU, longissimus lumborum samples were removed from plastic bags, trimmed (if necessary), labeled with the animal identification number, and vacuum packed. Steaks designated for fatty acid analysis were immediately frozen (−20°C) for later analysis. Steaks for sensory panel and WBSF analyses were aged for 14 d at 4°C, and then frozen at −20°C until WBSF and trained sensory panel evaluations of palatability traits could be performed. Steaks used for simulated retail display shelf-life analysis were also aged for 14-d storage (4°C), and then were removed from vacuum packaging, repackaged in Styrofoam trays, sealed with polyvinyl chloride oxygen-permeable overwrap, and placed in a controlled simulated retail display for a 9-d analysis.
Pasture Forage and Supplement Analysis
Samples of the proso millet, perennial grasses and forbs, and winter rye that the cattle grazed were collected weekly and dried at 45°C in a forced-air oven. All samples were analyzed for DM (method 930.1; AOAC, 1990) . Nitrogen content of feedstuffs was determined using a Carlo Erba Model NA 1500 Series 2 N/C/S analyzer (CE Elantech, Lakewood, NJ). Forages were analyzed for ADF using an Ankom 200 Fiber Analyzer (Ankom Technology, Fairport, NY). A description of the forage quality and fatty acid profile is presented in Table 1 .
Fatty Acid Analysis of Muscle and Feedstuffs
Muscle samples were lyophilized (Freezemobile 25 SL, The Virtis Co., Gardiner, NY), ground with a liquid-cooled sample mill (Knifetech 1095, Foss Tecator, Högenäs, Sweden), and analyzed for fatty acids as described by Murrieta et al. (2003) . Samples of all feedstuffs were analyzed for fatty acids as described by Kucuk et al. (2001) . Separation of fatty acid methyl esters was achieved by GLC (Model CP-3800, Varian Inc., Palo Alto, CA) with a 100 m × 0.25 mm (i.d.) × 0.2 µm (film thickness) capillary column (SP-2560, Su- Linn and Martin (1989) [TDN = 0.889 − (ADF% × 0.779)], whereas TDN for other feedstuffs were obtained from published values (Lardy and Anderson, 1999; NRC, 2000) .
pelco, Bellefonte, PA), with H 2 gas as the carrier at 1.5 mL/min. The initial oven temperature was maintained at 120°C for 2 min, and then was increased to 175°C at 6°C/min, followed by an increase to 250°C at 5°C/min. The injector temperature was 260°C and the flame-ionization detector temperature was 300°C. Each sample contained 1 mg of tridecanoic acid (13:0) as the internal standard. Identification of peaks was accomplished using purified fatty acid standards (Sigma-Aldrich, St. Louis, MO; Nu-Chek Prep, Elysian, MN).
Shelf Life, WBSF, and Taste Panel Evaluation of Beef
Ribeye steaks used for the shelf-life evaluation in a simulated retail display were placed in random order on tables in a retail cooler (4°C), displayed, and evaluated under direct soft white fluorescent bulbs (General Electric, Ecolux, Cleveland, OH). An objective color evaluation was conducted on each retail package on d 0, 1, 3, 4, 5, 6, 7, 8, and 9 using a Minolta chromameter (model CR-410, Konica Minolta) equipped with a 50-mm aperture using a D65 illuminant. Because objective color measurement of each ribeye steak was recorded on intact retail packages through the polyvinyl chloride overwrap, the chromameter was calibrated to white and black plates overwrapped with the same polyvinyl chloride film as used for retail packaging. Color readings (a*, b*, and L*) were collected, and the CHR and hue angle were calculated as described above.
Warner-Bratzler shear force values were determined according to AMSA (1995) guidelines. One steak from each steer was thawed for 24 h at 8°C before cooking, cooked on a George Foreman Lean Machine Grilling Machine clamshell-style grill (Applica Consumer Products Inc., Bedford Heights, OH) until it reached an internal temperature of 70°C (medium degree of doneness), and then allowed to cool to room temperature. A minimum of six 1-cm cores were obtained from each cooked steak and were sheared once on a WBSF instrument (G-R Electrical Manufacturing Co., Manhattan, KS). The mean of 6 cores was considered the mean and was used in the statistical analysis.
A 10-member trained sensory panel (AMSA, 1995) evaluated each strip loin for tenderness, juiciness, flavor intensity, and off-flavor intensity using an 8-point hedonic scale (8 = extremely tender, extremely juicy, extremely intense, and no off-flavor, respectively; 1 = extremely tough, extremely dry, extremely bland, and extreme off-flavor, respectively). All steaks for the sensory analysis were cooked in the manner described above for WBSF analysis.
Panelists were each assigned a partitioned booth with a red filtered light, which separate from the preparation area. Panelists were given unsalted crackers, distilled water, and part-skim ricotta cheese for palate cleansing, along with an empty cup for sample expectoration. Samples were presented to panelists in a random order, and the same sample was given to each panelist at the same time. Samples were presented to each panelist in plastic soufflé cups. Panelists evaluated 6 samples per day for 3 d.
Statistical Design and Analysis
Data for carcass characteristics, WBSF, taste panel responses, and fatty acid concentrations were compared with a completely randomized design by using the MIXED procedure (SAS Inst. Inc., Cary, NC), with animal as the random effect. Body weight data were compared with a repeated measures design and the MIXED procedure of SAS, with individual animal as the subplot. Supplement was the treatment and periodic BW was the repeated measure. Autoregressive, unstructured, and compound symmetry covariance structures were evaluated, and autoregressive was used for the analysis because it had the smallest value for Akaike's information criterion. Preplanned comparisons of the 3 treatment means were compared with the PDIFF statement of the MIXED procedure. Treatment effects were accepted as significant with a P-value of 0.10 or less. Shelf-life data were also analyzed with a repeated measures design, with day as the repeated measure and individual steak (1 per steer) as the experimental unit. The MIXED procedure of SAS was used to analyze the effects on L*, a*, b*, CHR, and hue angle × display day as well as on the percentage change in L* from d 0. Autoregressive, unstructured, compound symmetry, and heterogeneous compound symmetry covariance structures were evaluated, and the structure producing the smallest Akaike's information criterion value was used for the analysis.
RESULTS AND DISCUSSION

Animal Growth
Mean ADG of steers in the FLX and CSBM treatments were 1.04 and 1.09 kg per day (SE = 0.09), respectively, and did not differ (P = 0.45). The ADG of steers in the CONT treatment was 0.83 kg per day, which was less than the ADG of both groups of supplemented steers (P < 0.01). Steers in the FLX treatment had 25% greater ADG than did nonsupplemented steers. Maddock et al. (2006b) demonstrated that preweaned calves had 7% greater ADG when creep-fed a supplement containing 25% flaxseed while on pasture. Likewise, Scholljegerdes and Kronberg (2010) reported that compared with nonsupplemented controls, steers grazing native rangeland gained on average 0.27 kg more BW per day and had greater G:F when fed flaxseed. Although ADG did not differ between steers fed a corn-based supplement or flaxseed, G:F was greater for the steers supplemented with flaxseed (Scholljegerdes and Kronberg, 2010) . Thus, ADG can be improved in young grazing cattle by supplementing their diets with flaxseed. Average BW the day before slaughter was 499 kg (SD = 26). No differences were observed in final BW as a function of treatment (P = 0.17).
Carcass Characteristics
Carcass characteristics (Table 2) did not differ as a result of the FLX, CSBM, or CONT treatments (P ≥ 0.14). Mean LM area was 59 or 60 cm 2 for the 3 groups, and mean fat thickness over the 12th rib ranged from 0.62 cm (CONT) to 0.74 cm (CSBM). The LM area was smaller for these steers than the LM area observed for steers finished on pasture and slaughtered at close to the same age (Neel et al., 2007) , yet HCW and fat thickness over the 12th rib were less for the steers studied by Neel et al. (2007) , possibly because they were Angus-crossbred steers rather than full-blood Angus. Mean USDA yield grade was 2.9 for both supplemented groups and was 2.6 for CONT, which was greater than the yield grade of 1.6 reported by Neel et al. (2007) for their pasture-finished steers. Mean marbling scores for the 3 groups of steers did not differ (P = 0.91), and not surprisingly, were considerably less than marbling scores for the beef heifers fed flaxseed and finished on concentrate reported by Maddock et al. (2006a) . However, Maddock et al. (2006a) observed greater marbling scores in heifers fed flaxseed compared with control heifers fed corn.
Several studies comparing forage and grain-fed cattle have found carcasses from forage-fed cattle to possess darker colored lean (Bowling et al., 1977; Crouse et al., 1984) and yellow discoloration of the adipose tissue (Crouse et al., 1984; Schaake et al., 1993; Leheska et al., 2008) . No differences were observed in objective color assessment for external carcass fat in the present study (Table 2) . Likewise, no differences were observed between 12th-rib lean color measurements for the FLX and CSBM groups; however, the a* value of carcass ribeye lean from steers in the CONT treatment was greater than that from steers in the CSBM (P = 0.01) and FLX (P = 0.09) treatments. Color saturation values for steers in the CONT treatment were more vivid than those of steers in the CSBM treatment (P = 0.01), yet they did not differ from the CHR values of steers in the FLX treatment (P = 0.28). Although treatment differences in lean color were observed in our study, it is important to note that the L*, a*, and b* measures reported for all treatments in the present study were comparable with those reported for cattle grown and fattened in feedlots with primarily grain diets (Wulf and Wise, 1999; Wulf and Page, 2000; Page et al., 2001 ). Cross and Smith (1977) suggested that pasture-finished cattle experiencing minimal human contact may be more prone to loading, transport, and preslaughter stress and thus may be more prone to generate "dark-cutting" carcasses. This is an important , whereby a larger number is more vivid; hue angle = arctangent(b*/a*) × (360°/2 × 3.14) expressed in degrees, where 0° is true red and 90° is true yellow.
consideration when comparing research results because the preslaughter stress may nullify the treatment evaluation. The steers used in the present study were well acclimated to human interaction; therefore, preslaughter handling was probably not unusually stressful to these animals.
WBSF, Palatability Attributes, and Shelf-Life Stability
Early research by Bowling et al. (1977) comparing forage-finished and grain-finished beef suggested that the consumer or retailer may discriminate against the acceptability of forage-finished beef because of color (muscle or fat) and palatability (flavor, tenderness, or both) characteristics. Supplementing the grazing steers with either ground flaxseed or a mixture of ground corn and soybean meal did not change (P ≥ 0.12) WBSF measurements for steaks from these steers, nor did it influence (P ≥ 0.29) sensory panel evaluations of tenderness, juiciness, and flavor intensity of the steaks (Table 3) . However, there appeared to be a small difference (P = 0.04) in sensory perception of the off-flavor intensity for steaks from the 3 groups of steers. Trained panelists sensed a slightly more intense off-flavor in steaks from steers fed FLX compared with steaks from steers fed CONT (P = 0.07) and CSBM (P = 0.01). This indicates that people who are particularly sensitive to this off-flavor may find the steaks from steers fed FLX unacceptable. Off-flavor intensity ratings were similar (P = 0.39) for steaks from steers fed CONT and CSBM. We suspect that the slight off-flavor intensity ratings for steaks from steers fed FLX may be related to greater concentrations of the n-3 fatty acid ALA. The greater ranking (no off-flavor) for steaks from steers fed CSBM may be related to some other positive influence that corn intake has on beef flavor for many American consumers (Hedrick et al., 1983) .
The mean sensory tenderness rating of 5.33 for steaks from steers fed FLX in this trial was similar to the tenderness rating of 5.32 given to steaks from heifers fed a high-concentrate finishing ration that contained ground flaxseed, as reported by Maddock et al. (2006a) . Sensory panel juiciness ratings for steaks from steers fed FLX in the current trial were greater than those Maddock et al. (2006a) reported for heifers that consumed a high-grain ration and ground flaxseed. Furthermore, the sensory panel ratings of flavor intensity reported herein are similar to those reported by Maddock et al. (2006a) . These similarities are especially interesting in light of the fact that those heifers (Maddock et al., 2006a) had considerably greater marbling scores than did the steers in this study.
With respect to shelf-life stability, Faustman et al. (1998) reported that deterioration of meat in the retail case is influenced by factors associated with lipid and muscle pigment (myoglobin) oxidation. They found that beef consumers preferred a bright, cherry-red-colored lean presented in the retail case and would forego purchasing dull or dark-colored steaks, considering them spoiled. Bowling et al. (1977) concluded that the muscle color of forage-finished beef deteriorates quickly under conditions of retail sale. Yang et al. (2002) reported that pasture-finished beef had comparable concentrations of vitamin E as grain-finished beef from cattle supplemented daily with 2,500 IU/animal of vitamin E, but the pasture-finished beef also contained greater concentrations of oxidizable PUFA and had reduced color stability over a 7-d period of aerobic storage in darkness at 4°C. When fresh pasture-and grain-finished beef were both vacuum packaged and aged for 47 d at 0°C, they had similar color stability values over a 7-d period of aerobic storage in darkness at 4°C (Yang et al., 2002) . However, Realini et al. (2004) reported that pasture-fed beef was redder and yellower than concentrate-fed beef after 5 d of display (at 2°C under light), regardless of vitamin E supplementation. In the present study, numeric differences were observed over the days of retail display for a*, b*, CHR, and hue angle color measurements (P < 0.001; Figure 1) . A significant 1 CONT = grass grazing only; FLX = grass grazing and supplemented daily with flaxseed (0.20% of BW/d); CSBM = grass grazing and supplemented daily with a mixture of corn and soybean meal (0.28% of BW/d) that had a similar quantity of CP and TDN as the flaxseed supplement.
2 P-value for the F-test for treatment (TRT) and for preplanned comparisons. 3 WBSF = Warner-Bratzler shear force measurement of tenderness. 4 Sensory ratings (1 = extremely tough, extremely dry, and extremely bland to 8 = extremely tender, extremely juicy, and extremely flavorful). 5 Off-flavor intensity sensory ratings (1 = extreme off-flavor to 8 = no off-flavor, with 7 = very slight off-flavor).
treatment × day interaction was observed for L* values (P = 0.02; Figure 1A) , with steaks in the FLX group having a consistent decline in these values, whereas L* values for steaks from the CONT group increased before finally declining on the final day. This is consistent with other studies reporting L* values for beef remaining the most stable of the CIELAB color measurements (Wulf and Wise, 1999; Rentfrow et al., 2004) . Values for L*, a*, b*, CHR, and hue angle in the shelf-life evaluation were not influenced by treatment (P ≥ 0.34) except on the last day (P ≤ 0.07), when steaks from steers fed FLX had smaller values for a*, b*, and CHR. Consumer perception of color is based on a mixture of 3 attributes: hue (or hue angle), lightness, and CHR (Minolta, 1994) . Hue angle refers to the "true" nature of color (Minolta, 1994) , beginning at the positive a* axis and revolving 360° around the 3-dimensional color space, whereby 0° would be true red (positive a*), 90° would be true yellow (positive b*), 180° would be true green (negative a*), and 360° would be true blue (negative b*). With regard to beef color, a smaller number would be closer to true red. A greater number, closer to true yellow, would be indicative of fat discoloration, which is a concern with grazing-based fattening. In a 3-dimensional color space, CHR becomes more "vivid" as we move from the 3-dimensional center (dull color) outward (Minolta, 1994) . 
Fatty Acid Profiles
With respect to the diet grazed, concentrations of SFA in forage consumed by steers decreased throughout the trial (Table 1) . Dietary concentrations of oleic and linoleic acids were greater in the first 1.5 mo of the trial as cattle grazed the upper portions of proso millet plants that contained maturing seeds. Dietary concentrations of these 2 fatty acids then declined considerably in the last 1.5 mo of the trial as they grazed immature perennial grasses and immature annual rye. Concentration of ALA in the diet decreased when cattle grazed proso millet, and then it increased to approximately one-half of their fatty acid intake from forage during the 1.5 mo of the trial as they grazed immature perennial grasses and annual rye.
No differences (P ≥ 0.22) were observed in concentrations of major SFA (14:0, myristic; 16:0, palmitic; , 3, 4, 5, 6, 7, 8 , and 9 of simulated retail display. Lightness values (L*) for the steaks (A) and chromaticity coordinates in a 3-dimensional color space. A positive a* value (B) is indicative of a red color space and a negative a* value is indicative of a green color space; a positive b* value (C) is indicative of a yellow color space and a negative b* value is indicative of a blue color space; color saturation (D) indicates how vivid the color is, whereby as the value increases numerically from the 3-dimensional center (dull color) outward, it is perceived as more vivid; and hue angle (E) refers to the true nature of color beginning at the positive a* axis and revolving 360° around the 3-dimensional color space, whereby 0° would be true red, 90° would be true yellow, 180° would be true green, and 360° would be true blue. CONT = grass grazing only; FLX = grass grazing and supplemented daily with flaxseed (0.20% of BW/d); CSBM = grass grazing and supplemented daily with a mixture of corn and soybean meal (0.28% of BW/d) that had a similar quantity of CP and TDN as the flaxseed supplement. and 18:0, stearic) and total SFA in the LM of the 3 groups of steers (Table 4 ). In addition, no differences (P ≥ 0.32) were observed in concentrations of total MUFA and total PUFA in the muscle of the 3 groups of steers. Noci et al. (2007) conducted a similar study by supplementing heifers grazing grass pastures with a flaxseed oil-enriched mixture. They reported almost no differences in concentrations of 14:0, 16:0, and 18:0 in LM between heifers consuming only grass and heifers consuming grass and the flaxseed oil supplement. However, Noci et al. (2007) reported that the concentration of MUFA was 8.4 and 25.8% greater in the neutral and polar lipid fractions, respectively, in the LM of heifers on the grass-only diet. Polyunsaturated fatty acid concentrations were 23.3 and 5.4% greater in the neutral and polar lipid fractions, respectively, for the LM of heifers on the grass plus flaxseed oil diets compared with those on the grass-only diets (Noci et al., 2007) . Initially, Noci et al. (2007) fed 240 g of flaxseed oil per day to their grazing heifers, within a supplement containing sugar beet pulp and soybean meal (and gave them less forage to graze compared with the nonsupplemented controls). Steers supplemented with flaxseed in the present study received from 257 to 328 g of flaxseed oil per day (within the ground flaxseed fed) and had equal access to forage; therefore, we suspect that differences in fatty acid intakes from both supplement and forage for the present study (e.g., decreased dietary 18:2n-6) vs. that reported by Noci et al. (2007) may best explain the greater PUFA concentrations in their cattle supplemented with flaxseed oil.
In addition, no differences (P ≥ 0.46) were observed in concentrations of oleic acid (18:1n-9) and linoleic acid (18:2n-6) in the muscle across treatments. Scollan et al. (2001) fed whole flaxseed to steers on a basal ration of grass silage and a barley and sugar beet pulpbased concentrate, and they observed similar concentrations of oleic and linoleic acids in the neutral lipids of LM and similar concentrations of oleic and linoleic acids in the phospholipids.
With respect to CLA, concentrations of 18:2 cis-9, trans-11 in LM were similar (P = 0.96) for the 3 groups of steers, but concentrations of 18:2 trans-10, cis-12 were different (P = 0.009). Although concentrations of this CLA were minimal in all steers, the steers consuming grass and the flaxseed supplement had greater concentrations of 18:2 trans-10, cis-12 than did steers consuming CSBM and CONT (P < 0.01). We cannot explain why the 2 forms of CLA did not respond the same to flaxseed supplementation. Noci et al. (2007) observed greater (but still very low) concentrations of 18:2 trans-10, cis-12 in the LM of their heifers ingesting grass plus flaxseed oil. In contrast to the results for 18:2 cis-9, trans-11 in the present study, Noci et al. (2007) observed 73 and 59% greater concentrations of this CLA in both the neutral and polar lipid fractions, respectively, in the LM of heifers supplemented with flaxseed oil compared with heifers consuming only grass. These differences may have been due to greater biohydrogenation of 18-carbon fatty acids with flaxseed oil compared with flaxseed because 18-carbon fatty acids from oil are theoretically more available for biohydrogenation than is ground flaxseed, where fatty acids are still bound within the fractionated seed. Price et al. (2007) observed greater duodenal flow of the biohydrogenation intermediates when lambs ingested the oil from safflower seeds compared with ingesting whole or cracked safflower seeds. Enser et al. (1999) observed that feeding lightly bruised whole linseed increased concentrations of CLA in beef considerably compared with the beef from cattle in their study that were fed the same basal ration of grass silage with barley and sugar beet feed but containing a fat source with increased palmitic acid. Noci et al. (2007) reported 41% greater amounts of the most abundant in the LM of grazing heifers supplemented with sunflower oil (a rich source of linoleic acid and a poor source of ALA) compared with grazing heifers supplemented with flaxseed oil. In addition, Scholljegerdes and Kronberg (2010) observed a much greater duodenal flow of all 18-carbon fatty acids when grazing heifers were supplemented with ground flaxseed compared with a cracked corn and soybean meal supplement. However, many of these fatty acids, such as linoleic acid and ALA, were probably directed to β-oxidation to produce energy or were used as a carbon source to make other fatty acids, AA, and sterols, rather than being kept intact for cell membranes or other purposes (Barceló-Coblijn and Murphy, 2009); therefore, the duodenal flow of specific fatty acids is not necessarily a good indicator of muscle concentrations of the fatty acid.
Concentrations of the n-3 fatty acids ALA and eicosapentaenoic acid were also different among the 3 groups of steers (P ≤ 0.004), and the steers supplemented with n-3 PUFA = the n-3 fatty acids 18:3n-3, 20:5n-3, and 22:5n-3; n-6 PUFA = the n-6 fatty acids 18:2n-6 cis and trans, 20:3n-6, 20:4n-6, and 22:2n-6. flaxseed had 62% greater (P < 0.001) concentrations of ALA than the steers consuming only high-quality grass (with TDN of approximately 70% or greater; also a source of ALA) and 95% greater (P < 0.001) concentrations of ALA than steers fed CSBM. Steers consuming grass plus flaxseed had 22% greater (P < 0.001) concentrations of eicosapentaenoic acid than did steers consuming CONT and had 40% greater concentrations of eicosapentaenoic acid than did steers consuming CSBM. As for many other studies on fatty acid concentrations in beef, the healthful but less understood docosapentaenoic acid (Rissanen et al., 2000; Paganelli et al., 2001; Holub et al., 2011) was also found in the LM of all 3 groups of steers, and docosahexanoic acid probably also occurred in trace amounts, but we were not able to discern it with confidence. Although we are not convinced that this is the correct understanding of the value of ALA for human well-being (see Barcelό-Coblijn and Murphy, 2009 ), 20-carbon and longer chain n-3 fatty acids, such as those found in abundance in salmon and sardines, are believed to be more healthful n-3 fatty acids than is ALA (Kris-Etherton et al., 2003; Freemantle et al., 2006; Wang et al., 2006; Brenna et al., 2009) . We argue that increased concentrations of both ALA and the longer chain n-3 fatty acids in beef from grass-finished steers that are supplemented with flaxseed has potentially good implications for the health of people who eat increased quantities of beef but little, if any, fish with increased n-3 concentrations (Sinclair et al., 1994; McAfee et al., 2011) . Total n-3 fatty acid concentration was 39% greater (P < 0.001) for the steers fed FLX compared with CONT, and it was 71% greater (P < 0.001) compared with the steers consuming CSBM. Compared with steers in either the CONT or CSMB group, the ratio of n-6 to n-3 fatty acids was smaller (P < 0.001) in beef from steers fed FLX. Scollan et al. (2001) and Kronberg et al. (2006) also observed greater concentrations of ALA and eicosapentaenoic acid and smaller n-6:n-3 ratios in the LM of cattle fed flaxseed compared with no supplement or supplements with saturated or long-chain n-3 fatty acids. In contrast to the results of Scollan et al. (2001) and those of the present study, Noci et al. (2007) did not observe greater ALA or eicosapentaenoic acid concentrations in polar lipids (where most n-3 FA are typically found) when cattle consuming grass were supplemented with flaxseed oil, and they also did not see a reduced n-6:n-3 ratio in the LM polar lipids from these same cattle. This difference may be explained by a greater biohydrogenation of ALA in their flaxseed oil compared with a flaxseed supplement.
In summary, results from this study indicate that the growth rates of steers grazing high-quality forages could be increased by approximately 25% by supplementing the diets with ground flaxseed at 0.20% of BW/d for 85 d. However, flaxseed supplementation may have little influence on carcass characteristics and palatability attributes of the steaks except perhaps for a slight offflavor, which may be an unavoidable consequence of increasing n-3 concentrations in beef and then offering this beef to people who prefer beef from cattle finished on diets with increased amounts of corn. The fatty acid profile of steaks will be changed by this flaxseed supplementation in a healthful direction for human consumers by small increases in concentrations of the n-3 fatty acids ALA, eicosapentaenoic acid, and docosapentaenoic acid, resulting in a more healthful ratio of n-6 to n-3 fatty acids in the beef [see Ailhaud et al. (2006) and Massiera et al. (2010) for evidence of the relationship between increased intake of the n-6 fatty acid linoleic acid in the western diet and increased incidence of obesity]. Because beef is commonly consumed in the United States and in other countries, and because ALA is a valuable n-3 fatty acid, even small increases in ALA and eicosapentaenoic acid concentrations in beef can have beneficial influences on human health, especially when combined with consumption of other n-3-enriched foods.
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